Background Once touted as the future of hip arthroplasty, metal-on-metal (MoM) bearing surfaces have fallen sharply from favor with the emergence of a strong body of evidence demonstrating unacceptably high premature implant failure rates. The previously unpredictable development of adverse local tissue reactions (ALTRs) has been a substantive contributor to this. Although the underlying pathophysiology of these so-called "pseudotumors" is now well understood, the fundamental predisposing patient risk factors have remained elusive. Questions/purposes The aim of this research, as a clinical-genotype correlation analysis, was to identify specific alleles (genes) associated with the development of ALTRs in patients with in situ MoM THAs. Methods A case-control study of patients who received a large-head, primary MoM THA between 2005 and 2008 was performed with a minimum followup of 5 years. Twenty-six patients who had undergone revision of a primary MoM THA secondary to symptomatic ALTRs were recruited. The mean timeframe from primary MoM THA to symptomatic revision was 5.5 years (range, 1-10 years). Twenty-eight control subjects were randomly selected asymptomatic patients with no evidence of ALTRs on protocol-specific screening. Baseline demographics and highresolution genotype (human leukocyte antigen [HLA] Class II) were collected for all patients. Cohorts were similar Each author certifies that neither he or she, nor any member of his or her immediate family, has funding or commercial associations (consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research® editors and board members are on file with the publication and can be viewed on request. Clinical Orthopaedics and Related Research® neither advocates nor endorses the use of any treatment, drug, or device. Readers are encouraged to always seek additional information, including FDA-approval status, of any drug or device prior to clinical use. Each author certifies that his or her institution approved the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research. This work was performed at the Vancouver Coastal Health Authority, Vancouver General Hospital, University of British Columbia, Vancouver, British Columbia, Canada. with respect to age at the time of primary MoM THA (mean, 54.8 versus 54.9 years, p = 0.95) and serum cobalt (mean, 5.5 versus 8.5 mg/L, p = 0.09) and chromium concentrations (mean, 2.9 versus 4.2 mg/L, p = 0.27). The association between genotype and revision surgery secondary to ALTRs was determined with gender as a covariate. Results The prevalence of the risk genotype was 30% (16 of 54) among the entire cohort. Adjusting for sex, the odds of revision were 6.1 times greater among patients with the risk genotype present than among patients without (95% confidence interval [CI], 1.5-25.4; p = 0.01). Among females, the specificity of the risk genotype was 1.0 (95% CI exact , 0.5-1.0; p exact = 0.03), and for males, it was 0.8 (95% CI exact , 0.6-0.
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Background Once touted as the future of hip arthroplasty, metal-on-metal (MoM) bearing surfaces have fallen sharply from favor with the emergence of a strong body of evidence demonstrating unacceptably high premature implant failure rates. The previously unpredictable development of adverse local tissue reactions (ALTRs) has been a substantive contributor to this. Although the underlying pathophysiology of these so-called "pseudotumors" is now well understood, the fundamental predisposing patient risk factors have remained elusive. Questions/purposes The aim of this research, as a clinical-genotype correlation analysis, was to identify specific alleles (genes) associated with the development of ALTRs in patients with in situ MoM THAs. Methods A case-control study of patients who received a large-head, primary MoM THA between 2005 and 2008 was performed with a minimum followup of 5 years. Twenty-six patients who had undergone revision of a primary MoM THA secondary to symptomatic ALTRs were recruited. The mean timeframe from primary MoM THA to symptomatic revision was 5.5 years (range, 1-10 years). Twenty-eight control subjects were randomly selected asymptomatic patients with no evidence of ALTRs on protocol-specific screening. Baseline demographics and highresolution genotype (human leukocyte antigen [HLA] Class II) were collected for all patients. Cohorts were similar Introduction M etal-on-metal (MoM) bearing surfaces in hip surgery have been used for decades with initial reports of use dating back to the 1960s [75] . Driven by purported favorable biomechanical characteristics and championed as the future of hip arthroplasty and the panacea for polyethylene wear-induced osteolysis (aseptic loosening) [3, 26, 38, 74] , their use saw a dramatic resurgence in the early 2000s, accounting for up to 35% of the THA market share in the United States alone [10] . Despite early hope [4, 8, 13, 36, 62] , MoM hips fell sharply out of favor with the emergence of a strong body of evidence demonstrating associated unacceptably high rates of premature implant failure [7, 64, 76] with a more than fivefold greater risk of revision at 8 years as compared with metal-onpolyethylene articulations [7, 76] . The periarticular lesions quickly associated with these failures-so-called "pseudotumors"-are nonneoplastic, aseptic, soft tissue masses, now broadly defined as "adverse local tissue reactions" (ALTRs) [80] . The specific histologic characteristics of these lesions are unique to MoM bearings [11, 15] . Although reported to occur in 25% to 61% of patients [24, 35, 83] with in situ MoM THAs [35] , the true prevalence remains undefined [2] .
Recent investigations have identified Th-1 cell-mediated immune processes as the primary pathway in the pathogenic evolution of ALTRs [28] [29] [30] 81] . Interface wear generates micron-sized debris [18, 42, 43] , producing metal ions that subsequently bind to serum proteins [50, 63, 85, 86] . In a subset of patients, these metalprotein complexes are immunogenic, activating naïve T-lymphocytes [1, 6, 15, 20, 21, 28, 44, 54, 66, 79, 81, 82] and signaling macrophage recruitment [69] through antigen-dependent processes. Importantly, the metal ion sensitivity responsible for ALTRs in this setting is not the function of a preexisting metal allergy per se, but rather represents an acquired immune response [23, 29-31, 52, 81] .
Attempts to identify patient-specific factors implicated in pseudotumor development have previously been unfruitful. It was initially postulated that a direct correlation between metal ion burden and ALTR development may exist [24, 34, 45, 48, 58, 65] . This theory gained traction when component wear and various technical factors were shown to increase synovial and serum metal ion concentrations [14, 16, 17, 25, 33, [45] [46] [47] . Recent data, however, have failed to establish a clear association between ALTR development and ion concentrations, component position, or the magnitude of component wear [19, 27, 35, 83] . Moreover, nearly half of patients with a MoM implant and a documented ALTR have ion concentrations less than comparative patients with similar prostheses, but no evidence of a pseudotumor [34, 59, 83] .
Much research has been directed toward identifying at-risk patients according to postoperative parameters, at which point little can be done to avoid the deleterious effects of revision surgery. Conversely, the ability to identify "at-risk" patients through preoperative screening affords the potential opportunity to avoid the morbid sequelae resultant from revision arthroplasty. Given the well-accepted immunologic role in pseudotumor development, genetic screening may provide the answer as to why some patients function well and remain lesion-free with MoM bearings, whereas others, in seemingly identical circumstances, experience ATLR development and early implant construct failure. Exemplified by work done in the field of pharmacogenetics, the power of human leukocyte antigen (HLA) type screening lies in the ability to identify individuals genetically susceptible to this devastating outcome before exposure.
The aim of this research, as a clinical-genotype correlation analysis, was to identify specific genes (alleles) associated with the development of ALTRs in patients with in situ MoM THAs.
Patients and Methods
A case-control study was performed using prospectively collected data at a single, tertiary referral center. A target cohort of 372 patients was identified from a comprehensive, local database that consisted of all patients who had undergone primary THA with the use of a large head, stemmed, MoM bearing couple between January 2005 and December 2008 performed by one of four senior arthroplasty surgeons on staff. This represented 11.9% (372 of 3119) of the total number of THAs performed during this timeframe. Enrollment of all participants took place during the period January 2014 to July 2015 after approval by the institutional human subject research ethics board.
Given the novel concept of the current study, and its hypothesisscreening nature, no formal sample size calculation was performed. A target sample size of 40 patients (that is, 20 patients and 20 control subjects) was identified a priori as sufficient to satisfy the objectives of the study.
Eligibility for inclusion in the study included patients 18 years of age or older with a unilateral, large-head, primary MoM THA with a minimum of 5 years followup. Exclusion criteria included documented periprosthetic joint infection (15) , known autoimmune disease (six), joint arthroplasty implants in addition to the THA of interest-including in situ bilateral THA or TKA(s) (68) , and a history of implanted metal in situ for a duration > 6 weeks (medical device/ osteosynthesis construct for fracture or other foreign body), not including the THA prosthesis of interest (27) Cases were defined as patients who had undergone revision of a primary MoM THA prosthesis for the management of a symptomatic ALTR. The decision to revise was based on clinical findings in concert with evidence of an ALTR on ultrasonography and/or metal artefact reduction (MAR) magnetic resonance imaging (MRI) scan. The patients comprised the study group "revised ALTR".
Control subjects were defined as subjects with a single, primary MoM THA in situ and no evidence of an ALTR on study-specific ultrasonography or other imaging available at the time of enrollment. To avoid selection bias, potential control subjects were randomly selected from the study database using simple random number generation tables. Again, to minimize the potential confounding effect of targeted selection bias, no attempt was made to match demographic characteristics. All control subjects were asymptomatic with respect to the hip of interest. Once consented enrollment had been achieved, ultrasound was performed to evaluate for presence of an ALTR. Subjects classified as control subjects were referred to as "no ALTR." Seven patients (11.5% [seven of 61]) were initially recruited as potential control subjects, but were subsequently found to have ALTRs on screening imaging ("asymptomatic ATLR"). To avoid data contamination, these individuals were excluded from the final analyses of an association between HLA genotype and revision, but their demographic information was included for comparative analysis.
Data pertaining to baseline characteristics and clinical course were collected from the database for all patients enrolled. Genotype data from all study participants were also compared with healthy, matched population norms derived from the Canadian HLA gene frequency database (Canadian Blood Services). This comparison functioned as a population control reference. Determination of case-control status was made independent of HLA genotype.
Serum Metal Ion Analysis
Serum ion concentrations of cobalt (Co) and chromium (Cr) were collected in all study patients at the time of enrollment. For participants in the revised ALTR group, only serum Cr and Co ion concentrations sampled within 3 months of revision surgery were considered. One vial of blood was collected from each patient using a plastic 7-mL nonadditive, red label, blue top BD Vacutainer® tube (Trace Element, Serum, Reference 368380; Becton Dickinson, Franklin Lakes, NJ, USA). Blood was allowed to clot for 20 minutes before being centrifuged with the stopper on for 15 minutes. The serum was then transferred using a polypropylene transfer pipette into a 7-mL Sarstedt polypropylene tube (Sarstedt, Nümbrecht, Germany). It was then stored at -20°C before analysis. All specimens were shipped to the Trace Elements Laboratory at Western University, Canada, under strictly controlled medical specimen transport conditions. The laboratory used the Thermo Fisher Element 2 highresolution sector field inductively coupled plasma mass spectrometer (Thermo Scientific, Waltham, MA, USA) for measurement of metal ions. This device is considered the gold standard for trace metal ion analysis [56, 57] . All samples were collected at the same laboratory, by the same phlebotomist, trained in this specific procedure.
Hip Ultrasound Protocol
Using a previously described and validated imaging protocol [24] , shown to have a sensitivity of 100% and a specificity of 96%, outpatient ultrasonographic assessment was performed screening for the presence of an ALTR among asymptomatic patients (potential control subjects) with a primary MoM THA in situ. A single sonographer with experience in over 500 protocol-specific studies performed all of the ultrasound examinations. Each study was performed using a Siemens Antares Ultrasound System (Siemens Medical Solutions USA, Mountain View, CA, USA) and the results recorded utilizing a standardized template. The Siemens VFX9-4 linear transducer and/or the Siemens CH6-2 curvilinear transducer were used for all studies based on the body habitus of the patient being evaluated. All studies provided images satisfactory for diagnosis. Acquisition time was approximately 20 minutes. Twenty-two (22 of 26 [85%]) of the patients and 17 (17 of 28 [61%]) of the control group underwent study protocoled ultrasounds. Four (four of 26 [15%]) patients also underwent a MAR MRI scan, which was ordered independent of the study protocol by referring physicians. These results were available at the time of ultrasound, but the reporting radiologists were blinded to these findings for study image review. In each of the four patients, the MRI and ultrasound diagnosis of pseudotumor was concordant. There were no MRIs performed for control subjects. Two patients (one in the case group and one in the control group) also had CT scans performed but both occurred after ultrasound investigation and did not change the final diagnostic result.
All images were interpreted by one of four senior fellowship-trained
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musculoskeletal radiologists experienced with ultrasonography of hip prostheses and ALTR pathology. The radiologists were blinded to both the clinical status of the patient and the HLA genotype results. The presence, size, and position of any fluid, cystic mass, or solid mass related to the hip were recorded along with the involvement of any local neurovascular structures. Independently, each radiologist was asked to provide a definitive statement on whether the scan was normal or abnormal and to confirm the presence or absence of an ALTR. In the event of an abnormal study, each radiologist categorized the findings according to one or more of the following: (1) simple fluid collection; (2) cystic mass or a complex fluid collection; or (3) solid mass. Simple fluid collections were defined as anechoic with increased through-transmission and a well-defined posterior wall, whereas a complex fluid collection/ cystic mass contained debris (internal echoes), septations, or both. The diagnosis of an ALTR was based on the presence of a complex fluid collection, cystic mass, or solid mass. When a definitive diagnosis could not be made, a second radiologist, blinded from the report of the first, interpreted the study followed by open discussion and consensus agreement on the findings.
HLA Genotyping
A second 7-mL peripheral blood specimen was collected from each participant in EDTA BD Vacutainer tubes (Becton Dickinson Reference #367863) and stored in a medical refrigerator at 4°C. Samples were then transferred to an on-site College of American Pathologists/American Society for Histocompatibility and Immunogenetics-certified immunology laboratory at Vancouver General Hospital (Vancouver, British Columbia, Canada). Genomic DNA for each participant was extracted using an automated robotic method (Quiasymphony, Quiagen, Canada) and polymerase chain reaction amplification performed using an Applied Biosystems thermocycler (Foster City, CA, USA). HLA typing was performed using Luminex sequencespecific oligonucleotide typing kits (Luminex, Austin, TX, USA) to determine HLA Class II DRB1, DQA1, and DQB1 allelic specificities at intermediate and high resolution as required using a polymerase chain reaction amplification technique with group-specific primers. These loci were selected because of their known relationship with inflammatory disorders [51] , as defined by the CDW 2.0.0 catalog [78] . Study endpoints are reported as frequency and percentages (95% confidence interval [CI]) for categorical variables and mean (95% CI) values for continuous variables, unless otherwise noted. A test for normality of study endpoints was performed using a combined skewness and kurtosis test, when possible. Homogeneity of demographic and clinical characteristics across the study groups was performed using one-way analysis of variance for continuous, parametric endpoints, Kruskal-Wallis test for nonparametric continuous endpoints, and Fisher's exact test for categorical endpoints. Pairwise comparisons between "revised ALTR" and "no ALTR" groups were completed according to traditional parametric and nonparametric hypothesis tests. The frequency of a particular allele was arranged in a two-by-two contingency according to case/control status and was evaluated using a Pearson chi-square test. No correction for multiple testing was performed given the colinearity of the allelic variants at the loci examined. Evaluation of differences in observed and expected allelic carriage rates among patients and control subjects was performed using a one-tailed, binomial probability test. Matchedpopulation norms were used to derive expected allele frequencies.
An odds ratio (OR) was used to quantify the clinical association between HLA genotype and the need for revision secondary to symptomatic ALTR. Statistical significance of the OR was set at 0.10 a priori and determined using a Fisher's exact test given the small sample size. A 90% CI for the OR was calculated according to Woolf's method.
The level of statistical significance was set at p < 0.05, unless otherwise noted. Statistical analysis was performed with STATA (Version 13.1; StataCorp, College Station, TX, USA).
Results
Genetic analysis at the major histocompatibility complex Class II loci showed clear differences in allelic carriage rates between patient groups ( Table 2 ). The frequency of DQB1*03: 01 was increased in participants with ALTR, being present in 65% (17 of 26) compared with only 25% (seven of 28) of those without disease (p = 0.02), or 36% of the normal population (p = 0.03) [78] . In contrast, HLA-DRB1*07:01, DQA1*02:01, and DQB1*02:01/02 were negatively associated with the incidence of revision for symptomatic ALTR in the study cohort.
HLA-DRB1*07:01 was expressed by only 15% (four of 26) of patients with ALTR compared with 46% (13 of 28) without (p = 0.05) and 28% of the normal population (p = 0.20) [78] . HLA-DQA1*02:01 was also expressed by 15% (four of 26) of affected patients compared with 46% (13 of 28) free from ALTR (p = 0.05) and 25% of normal control subjects (p = 0.28). HLA-DQB1*02:01/02 was expressed by 31% (eight of 26) of patients with ALTR compared with 68% (19 of 28) of disease-free participants (p = 0.02) and 39% of the normal population (p = 0.31) [78] . These alleles occur in high linkage disequilibrium with their respective frequencies of association above that which would be expected if the loci were independent and associated randomly [49] . There was no effect with the numbers available of homozygosity or specific allelic combinations at any of these loci within the population tested. Among participants with the DQB1*03:01 allele present, the OR for undergoing revision secondary to ALTR was 5.0 (95% CI Woolf , 1.1-22.5). Among participants without the DRB1*07:01, DQA1*02:01, and DQB1*02:01/02 alleles, the OR (95% CI Woolf ) for undergoing revision was 5.4 (0.9-31.0), 3.4 (1.0-11.7), and 3.5 (1.1-11.1), respectively. The greatest observed increase in clinical risk profile was noted when the "at-risk" DQB1*03:01 allele was present and "protective" DRB1*07:01 allele was simultaneously absent, resulting in an OR for revision of 7.1 (95% CI Woolf , 1.4-36.1). Diagnostic performance of the alleles of interest according to the study data was collated and summarized (Table 3) .
Serum Cr and Co concentrations, age at primary MoM THA, and gender were not independently associated, with the numbers available, with subsequent revision surgery secondary to symptomatic ATLR development.
Discussion
The previously unpredictable development of pseudotumors in patients with primary MoM THAs has long remained a perplexing clinical conundrum. Recent histopathologic studies have defined key Th-1 cell-mediated immune pathways in the evolution of these lesions [30] driven by acquired, antigen-dependent processes. These findings suggest a potential underlying genetic predisposition at a patientspecific level. The purpose of the current study, therefore, was to explore gene frequencies-based on alleles known to have Th-1 modulating linkage-associated with ALTR formation in patients with in situ MoM hip replacements. We found that the alleles DRB1*07:01, DQA1*02:01, DQB1*02:01/02, and DQB1*03:01 were associated with revision hip surgery secondary to symptomatic ALTR among patients with a primary MoM THA when compared with patients without evidence of an ALTR. Although the presented data suggest that the presence of DQB1*03:01 confers an increased risk of pseudotumor development, the DRB1*07:01 allele conversely appears to afford some genetically ascribed protection against the development of a symptomatic ALTR and consequent need for revision surgery. Independent of serum metal ion concentrations and of patient age at the time of the primary MoM THA, those patients lacking the DRB1*07:01 allele, but harboring the DQB1*03:01 allele, were found to have an increased odds of undergoing revision surgery.
The findings reported here must be considered with the context of the limitations of the study. First, given the hypothesis-generating nature of this study, the relatively small sample size limits the confidence in which these findings can be more broadly generalized. Moreover, the limited statistical power may have compromised our ability to identify associations between certain allotypic variants and the incidence of the need for surgical revision, which, given a larger number of participants, may be found to be associated with revision surgery secondary to ALTRs. Nonetheless, despite this, we were able to demonstrate discrepancies in allele carriage rates between the "no ALTR" and "revised ALTR" patients. Of the eligible cohort size (372 patients who underwent MoM THAs during the study collection period), 174 (47%) were excluded, the majority resulting from the presence of an in situ second (or multiple) joint arthroplasty or other implanted metallic device or component. Although this approximately halved the potential eligible group for sampling, we maintain this was a necessary and important step to minimize the potentially confounding effect of metal debris/incited tissue reaction from sources other than the single joint of interest. The relative risk increase posed to patients of ALTR development in the setting of multiple in situ implants remains unclear and represents another potential avenue for investigation. Our decision to exclude seven patients with an "asymptomatic ALTR" from the primary analysis also warrants further discussion. When performing gene-trait association studies, it is of utmost importance to precisely define the phenotype of interest and accurately delineate patients according to the defined phenotype to ensure internal and external validity. For this study, we chose to focus on the most clinically relevant phenotype, patients who developed symptomatic ALTRs who underwent revision. Although we can be reasonably confident that patients with "no ALTR" represent a discrete phenotype from those within the "revised ALTR" group, we cannot be certain as to which phenotype best describes the "asymptomatic ALTR" patients. This consideration provides an avenue for future research.
Further complicating the classification of these patients is the use of ultrasound for diagnosis. With a previously demonstrated and published 100% sensitivity for detecting the presence of an ALTR in asymptomatic patients [24] , we are confident in the negative predictive value of the technique used. However, given a reported diagnostic false-positive rate of 4% (0%-12%), it may be reasonably postulated that of the asymptomatic patients subsequently identified as having an ALTR lesion, and therefore excluded from further analysis (that is, patients with "asymptomatic
ALTRs"), a small likelihood of mischaracterization exists. The potential effect on resultant data analysis is unclear but is likely to be small. It is important to note that disparity did exist with regard to the relative gender distribution between the two study groups. The overall cohort showed a male predominance (67% [36 of 54] ), although 50% (13 of 26) of the included patients were female. Why such a gender imbalance existed remains unclear although it may simply have reflected the small overall sample size and random sampling error. This represents another potential avenue for future investigation utilizing a larger cohort size. Any potential confounding bias resulting from the disproportionate female representation was ameliorated by the a priori control of gender as an independent covariate in the final data analyses.
Although the important contribution of acetabular cup malpositioning has been well documented as a precursor to wear debris generation, the volume of particulate debris and the resultant synovial and serum metal ion levels [59] have independently been demonstrated not to directly influence subsequent pseudotumor development. Like in all THA construct types, the importance of correct component positioning (both acetabular and femoral) in influencing implant survivorship is clear; however, in the setting of MoM bearings, this has not been correlated with ALTR formation.
Lastly, the population allelic carriage rates used to determine the expected frequencies for the study participants were derived from a predominantly North American white population. Although representative of the ethnic distribution of our study participants, there may be some discrepancy between the true carriage rates for the underlying study population and the population norms used for the study. This again provides an avenue for future related research centered among different racial and ethnic cohorts.
Support for this type of biophysiologic predictive model can be found in recent immunogenetics work [32] . Among patients with Type 1 diabetes mellitus [84, 86] , Graves' disease [87] , scleroderma, and multiple sclerosis [5] , allelic frequencies for DRB1*07, DQA1*02, and DQB1*02 are lower among individuals displaying the condition of interest, as compared with those who do not (ie, matched control subjects). Such findings suggest that the individual presence of these specific alleles may offer protection against Th-1-mediated autoimmune processes [55] similar to the development of ALTRs in the setting of metal ion exposure.
With regard to the potential clinical utility of our findings, there is no better example than the rapidly evolving field of pharmacogenetics. Over the past decade, gene-trait association studies have shed light on immunologically mediated drug reactions long thought to be randomly evolved and otherwise unpredictable. To date more than 50 specific HLA alleles have been implicated in the development of drug and environmental antigen-related hypersensitivities [9, 70] biologically similar to the acquired immune response to metal ions in the setting of ALTR formation [9, 28-30, 70, 81] . As a result of such breakthroughs, the FDA [12, 22] and the US Department of Health [37, 60, 67] recently provided recommendations for HLA genotype screening before administration of medications known to be associated with life-threatening adverse reactions. Such preintervention screening has been shown to be both an efficacious [61, 72] and cost-effective [41, 53, 73] means for the primary prevention of medication-induced Type IV hypersensitivities. The extrapolation of such applications to the prospective identification of patients potentially at risk for the development of periprosthetic pseudotumors through exposure to MoM joint arthroplasties, after the clear characterization of highrisk genotypes, holds much clinical promise and obvious potential benefit. Similar to its current use in the field of pharmacogenetics, prospective HLA typing may soon be capable of identifying patients genetically predisposed to the development of metal ion-induced pseudotumors, before surgery, allowing the selection of implant and bearing combinations known to place the individual patient at the lowest possible risk. As a preoperative screening tool, from an alternative line of thinking, this result may even provide surgeons with the confidence to exploit the superior biomechanical and wear properties of MoM bearing couples [71] without the fear of the catastrophic sequelae associated with ALTR development, particularly in the demonstrated presence of a "protective" allele combination. Moreover, as we continue to gain an appreciation for metal ion-induced ALTRs within the context of various modular femoral stem designs [39, 40, 68, 77] , the findings of this study may also demonstrate value in reducing the incidence of failures attributed to such implants.
The findings of the current study present evidence suggesting a strong association between HLA allotype and the incidence of revision surgery for the management of symptomatic ALTRs (pseudotumors) among patients with a single, primary, MoM THA prosthesis. To our knowledge, this work represents the first published demonstration of such a clinical association and has potentially widereaching clinical application in future prospective patient management. Although these results will require wider ratification and further expansion, this work certainly provides foundation data for an exciting new frontier within the field of adult hip arthroplasty, which may show future benefit in appropriately prospectively identifying "at-risk" patient genotypes. Extrapolating this work further, diagnosis of the "at-risk" DRB1*07:01, DQA1*02:01, DQB1*02:01/02, or DQB1*03:01 alleles in patients with known in situ MoM THAs may be influential in guiding clinical decisionmaking when considering the role of early intervention approaches.
